Ceforanide administered parenterally twice daily was used as the sole agent to treat 17 patients with right-sided endocarditis due to Staphylococcus aureus or nonenterococcal streptococci. Fifteen patients were cured of their original infection. Two patients were withdrawn from the study. One patient was transferred to another hospital 4 days after ceforanide therapy was initiated, and the other was changed to a different antibiotic regimen when his viridans streptococcus proved tolerant to ceforanide. The intramuscular form of ceforanide was well tolerated. It was stopped in two patients after week 3 of therapy because of adverse effects, possibly related to the study drug. These findings resolved with discontinuation of the ceforanide, and no additional antimicrobial therapy was necessary. Two patients who continued to abuse drugs intravenously during the study developed bacteremia with new organisms and required additional antimicrobial therapy. Ceforanide proved to be a useful agent in the treatment of rightsided endocarditis due to susceptible S. aureus and nonenterococcal streptococci.
Ceforanide (BL-S786) is an investigational semisynthetic cephalosporin drug that achieves high serum levels after intramuscular administration (7; R. D. Smyth 
RESULTS
Seventeen patients with an average age of 32 years were treated with ceforanide for 10 to 43 days (average, 24 days). All were intravenous drug abusers, and seven had a history of prior endocarditis (8) . Fifteen patients sought medical attention during the first week of symptoms. In three patients, the course was complicated by septic arthritis. Three patients each had an empyema requiring placement of a chest tube for drainage. One patient had an infected prosthetic tricuspid valve, and one patient had osteomyelitis of the second and third lumbar vertebrae.
Cultures of blood obtained on admission yielded mixed infections in 7 of the 17 patients (Table 1 ). In some instances (no. 12, 13, and 17), the mixed infection was due to two colony phenotypes of the same organism. The miniimum inhibitory concentration of ceforanide for these organisms ranged from 0.20 to 8,g/ml (sensitive c8 ,ig/ml). Of these original isolates, one S. aureus and seven streptococci proved tolerant to ceforanide (defined as minimum inhibitory concentration, c8 ,tg/ml; minimum bactericidal concentration, >8 Ag/ml; and the ratio of minimum bactericidal concentration/miniimum inhibitory concentration, -8) (2). These tolerant organisms were responsible for endocarditis in six patients (no. 4 to 6 and 8 to 10). In four of these six patients, adequate serum bactericidal titers were obtained, and the tolerant organisms were eradicated despite in vitro tolerance. One patient (no. 6) was withdrawn from the study because-his serum was inhibitory against his isolate at a 1:16 dilution but not bactericidal at a 1:2 dilution. Although the patient became afebrile and blood cultures became sterile during ceforanide therapy, treatment was changed to penicillin and streptomycin (which was bactericidal in vitro), and the recovery of the patient continued without complication. A second patient (no. 10) infected with a tolerant organism was withdrawn from the study after 4 days of therapy because of transfer to another hospital. His response to ceforanide was difficult to assess. He originally was infected with three strains of viridans streptococci. Adequate serum bactericidal levels were obtained against two of these isolates, but the third grew too poorly for testing. At the time of transfer the patient was still febrile, but despite this, cultures of blood obtained on admission at the second hospital were sterile. Two days later, however, a viridans streptococcus was isolated again from the blood. Unfortunately, it was not determined whether this organism was one of the original isolates or a new acquisition. Reinfection was a distinct possibility with this patient because he continued to abuse drugs intravenously while in the hospital. At various times later in his hospital course, blood cultures were positive for Eikenella corrodens and Bacteriodes fragilis, in addition to the viridans streptococci.
All 15 of the patients who were continued on the study were cured of their original infection. Bacteremia due to other organisms developed in two patients (no. 7 and 9) while they were taking ceforanide, and so another antibiotic regimen was substituted. The superinfecting organisms were Streptococcus constelatus (no. 7) and Streptococcus sanguis I and E. corrodens (no. 9). Both of these patients were abusing drugs intravenously while in the hospital, and this, most likely, was the cause of superinfection.
The intramuscular injections were very well tolerated by all patients. Discomfort was minimal (i.e., no complaints were made spontaneously or after questioning), and objective complications (e.g., sterile abscesses) did not occur.
Ceforanide was discontinued in two patients after 3 weeks of therapy because of adverse effects, possibly related to the study drug. One patient developed eosinophilia (25%) and asymptomatic hepatitis with a rise in hepatocellular enzymes to seven times the normal level by week 3 of therapy. Upon admission his liver function assays were elevated, but they decreased to near-normal levels during the first 10 hospital days before they increased again. The second patient developed eosinophilia (19%), mild neutropenia, erythema multiforme, and arthritis during week 3 of therapy. These findings resolved with discontinuation of the ceforanide and probenecid. Neither of these patients required additional antimicrobial therapy. Two other patients developed elevated eosinophil counts (5 and 14%), but were otherwise asymptomatic and continued on the regimen. DISCUSSION Based on this experience with 17 patients, we conclude that ceforanide may be a useful agent in the treatment of right-sided endocarditis due to susceptible S. aureus and viridans streptococci. Fifteen patients who completed therapy with ceforanide were cured of their original infection. Some of these patients had septic arthritis and osteomyelitis, which also resolved with ceforanide therapy. Two patients were withdrawn from the study; one was transferred to another hospital and a second patient was infected with a tolerant organism against which adequate serum bactericidal activity could not be achieved. (10) . The clinical significance of tolerance is still being debated, but it may be more important in patients with endocarditis for whom bactericidal therapy is considered essential (2, 3, 9) . Our experience in this series suggests that adequate serum bactericidal titers and microbiological cure can be achieved with many tolerant organisms, without the addition of a second antimicrobial agent. If, however, serum bactericidal activity is not obtained against a tolerant organism with a single agent, we would modify the therapy until a bactericidal regimen is achieved.
Extrapolation of the results of this study to e See reference 10. Ceforanide concentrations just before the next dose were 7 to 14 ,ug/ml. endocarditis in general should be done with caution. Left-sided endocarditis tends to be a more severe illness, especially when complicated by septic emboli. In this regard, two characteristics of ceforanide deserve emphasis. First, the minimum bactericidal concentration of ceforanide for most of the S. aureus isolates in this series was relatively high (32 ,g/ml). Even with serum ceforanide levels of 100 to 200,ug/ml, the calculated peak serum bactericidal titer with this drug is not of the same magnitude as that achieved with the older cephalosporins or the penicillinase-resistant penicillins (Table 2) . Second, antibiotic distribution to the central nervous system may be important in patients with left-sided endocarditis complicated by septic emboli. Cerebrospinal fluid levels of ceforanide are not yet known, but cephalosporins currently available do not reliably cross the blood-brain barrier well. To determine whether or not these characteristics of ceforanide will prove to be clinically important, further trials of the drug must be performed.
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